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“And so these men of Indostan /Disputed loud and long, 
Each in his own opinion /Exceeding stiff and strong, 


Callsign: NAOB 
Latitude: 40.52 
Longitude: -79.92 
GPSDO?: Yes 
Callsign: AJ4YA 
Latitude: 35.82 
Longitude: -78.42 
GPSDO?: No 
Callsign: N7IVV 
Latitude: 38.53 
Longitude: -77.79 
GPSDO?: No 


Callsign: K7KMQ 
Latitude: 35.27 
Longitude: -119.0 


GPSDO?: Yes 
Callsign: WA7BNM 


Latitude: 34.15 
Longitude: -118.4 


GPSDO?: Yes 
Callsign: W60QI 


Latitude: 34.23 
Longitude: -118.2 
GPSDO?: Yes 


Though each was partly in the right, / And all were in the wrong! ” 


IN CONTEXT 


Several talks at TAPR DCC this 
morning about the low-cost 
Personal Space Weather Station 
and Doppler measurement. 


This is one of two annual 
meetings where we discuss the 
PSWS, the other being the 
annual HamSCl workshop. 
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PRESENTATION 


Opening Remarks 


HamSCl PSWS Overview/Status by Nathaniel Frissell, W2NAF (University 


of Scranton) 


HF Propagation Measurement Techniques and Analyses by Steve 
Cerwin, WA5FRF 


Early Results of Festival of Frequency Measurement Experiment & June 
21, 2020 Asian Eclipse by Kristina Collins, KD8OXT (Case Western 


Reserve University) 


Break Time 


Frequency Estimation Techniques by David Kazdan, AD8Y (Case Western 


Reserve University) 


LC-PSWS Engineering Status by John Gibbons, N8OBJ (Case Western 


Reserve University) 


PSWS Control Software and Database by Bill Engelke, AB4EJ (University 


of Alabama) 


LAST YEAR... 


At TAPR 2019, | talked about the Standards 
Station Receiver. 


| also invited you all to check in with our 
special event for the Centennial of WWY. 


(WHY “THE GRAPE”?) 


O) Easier to say than “Low-Cost Personal 
Space Weather Station” 


1) Tiny fruit 
2) It does its best work in bunches 


3) We hope the data will ferment into 
something quite nice 


THIS YEAR... 


We have three experiments to 
report: 


°Long-term data collection: Grape 
prototypes 


°Festival of Frequency Measurement 
° June 2020 Eclipse Festival 


And experiments for upcoming 
eclipses: 

*December 2020 Eclipse Festival 
*Upcoming eclipses in 2021, 2023, 2024 
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Celebrating 100 years of WWV 


5 MHz . | 


Festival of Frequency Measurement 


Festival of Frequency Measurement 


Calling all amateur radio stations, shortwave listeners, and others interested in calibrating their 
equipment and/or capable of making HF frequency measurements--celebrate the 100th 
anniversary of WWV by participating in frequency calibration and measurement! 


WWYV is the US broadcast center of frequency distribution and measurement. In that spirit, 
WWOWWYV is sponsoring frequency measurement as part of its activities. 
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FESTIVAL OF FREQ. MEASUREMENT PARTICIPANTS 


We had 45 stations record data 
during the Festival of Frequency 
Measurement. Most, though not all, 
had external frequency standards. 


Data was submitted on the open 
data site www.zenodo.org. >250 
KB in total. 


Amateur radio callsigns are 
associated with mailing addresses. 


Frequency Deviation (Hz) 


Submitted Frequency Data 
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callsig’K7)Km 
Latitude: 44.98 
Longitude: -122.5 
GPSDO?: No 
Callsign: AG7PQ 
Latitude: 47.74 
Longitude: -122.3 
GPSDO?: No 
Callsign: W6BM 
Latitude: 37.9 
Longitude: -122.3 
GPSDO?: Yes 
Callsign: AC6SL 
Latitude: 37.12 
Longitude: -122.1 
GPSDO?: No 
Callsign: W6MSU 
Latitude: 38.05 
Longitude: -121.4 
GPSDO?: Yes 
Callsign: AA6LK 
Latitude: 38.94 
Longitude: -121.2 
GPSDO?: Yes 
Callsign: VE7CNF 
Latitude: 38.69 
Longitude: -120.1 
GPSDO?: Yes 
Callsign: N7QNM 
Latitude: 46.15 
Longitude: -119.6 
GPSDO?: No 
Callsign: K7KMQ 
Latitude: 35.27 
Longitude: -119.0 
GPSDO?: Yes 
Callsign: WA7BNM 
Latitude: 34.15 
Longitude: -118.4 
GPSDO?: Yes 
Callsign: W60QI 
Latitude: 34.23 
Longitude: -118.2 
GPSDO?: Yes 
Callsign: KAGWKE 
Latitude: 32.85 
Longitude: -117.0 
GPSDO?: No 
Callsign: N7XZ 
Latitude: 41.72 
Longitude: -111.9 
GPSDO?: No 
Callsign: W9INE 
Latitude: 40.36 
Longitude: -105.5 
GPSDO?: No 
Callsign: KOANS. 
Latitude: 40.16 
Longitude: -105.1 
GPSDO?: No 
Callsign: VE6IXD 
Latitude: 33.29 
Longitude: -101.3 
GPSDO?: No 
Callsign: VE6GRT 
Latitude: 33.29 
Longitude: -101.3 
GPSDO?: No 
Callsign: WASFRF 
Latitude: 29.57 
Longitude: -98.89 
GPSDO?: No 
Callsign: KEOARE 
Latitude: 46.92 
Longitude: -97.99 
GPSDO?: No 
Callsign: NUOC 
Latitude: 40.79 
Longitude: -96.71 
GPSDO?: No 
Callsign: VE30AT 
Latitude: 38.35 
Longitude: -95.14 
GPSDO?: No 
Callsign: VA3ROM 
Latitude: 35.74 
Longitude: -90.56 
GPSDO?: Yes 
Callsign: NIMVO 
Latitude: 42.05 
Longitude: -87.96 
GPSDO?: No 


Frequency Deviation (Hz) 


Submitted Frequency Data 


s° 
Time (UTC) 
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Info 
Callsign: WX4US 
Latitude: 30.52 
Longitude: -87.34 
GPSDO?: No 
Callsign: XE3I 
Latitude: 21.17 
Longitude: -86.85 
GPSDO?: No 
Callsign: WV5L 
Latitude: 34.11 
Longitude: -84.46 
GPSDO?: Yes 
Callsign: KM4YMI 
Latitude: 33.83 
Longitude: -84.28 
GPSDO?: No 
Callsign: W8UM 
Latitude: 42.29 
Longitude: -83.71 
GPSDO?: No 
Callsign: K2LYV 
Latitude: 28.05 
Longitude: -82.58 
GPSDO?: No 
Callsign: K4BSE 
Latitude: 34.12 
Longitude: -82.58 
GPSDO?: Yes 
Callsign: AA8K 
Latitude: 43.0 
Longitude: -82.46 
GPSDO?: Yes 
Callsign: W8EDU 
Latitude: 41.5 
Longitude: -81.61 
GPSDO?: Yes 
Callsign: N8OB) 
Latitude: 41.32 
Longitude: -81.5 
GPSDO?: Yes 
Callsign: KG4ARN 
Latitude: 29.09 
Longitude: -81.0 
GPSDO?: Yes 
Callsign: N2MD 
Latitude: 29.2 
Longitude: -81.0 
GPSDO?: Yes 
Callsign: WB4HIR 
Latitude: 35.08 
Longitude: -80.83 
GPSDO?: No 
Callsign: NAOB 
Latitude: 40.52 
Longitude: -79.92 
GPSDO?: Yes 
Callsign: AJ4YA 
Latitude: 35.82 
Longitude: -78.42 
GPSDO?: No 
Callsign: N7IVV 
Latitude: 38.53 
Longitude: -77.79 
GPSDO?: No 
Callsign: VE3YX 
Latitude: 46.15 
Longitude: -77.56 
GPSDO?: Yes 
Callsign: W3FAY 
Latitude: 39.0 
Longitude: -76.75 
GPSDO?: No 
Callsign: NLIRO 
Latitude: 43.94 
Longitude: -72.66 
GPSDO?: Yes 
Callsign: W1KU 
Latitude: 42.38 
Longitude: -71.64 
GPSDO?: No 
Callsign: NINAZ 
Latitude: 42.85 
Longitude: -71.43 
GPSDO?: No 
Callsign: VK3ZAZ 
Latitude: -37.76 
Longitude: 142.0 
GPSDO?: No 


Stacked plot, sorting by longitude, 
proved to be a good way to 
evaluate data from many stations 
at once. It also showed which 
datasets to eliminate. 


Stations near to one another 
showed similar patterns. 


GPSDOs were important. 


BIG QUESTIONS FOR THE PERSONAL SPACE 
WEATHER STATION PtLOV EXPERIMENTS 


1. How many volunteer stations can we get? As many as possib/(é. 
2. How close do these stations have to be? Whéréyvér théyY Are. 
3. What kind of data do we need to collect? Whatéyér wé €An. 


How do we analyze this data once we have it? Hy... 


Data Database 
= Collection Sette eltehe Methodology ata Analysis 


THE “MIDPOINT” ISN’T THE MIDPOINT 
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PHaRLAP raytrace 
simulations of 
WWYV to ADBY’s 
station in Cleveland, 
using the 
International 
Reference 
lonosphere. 2.5, 5, 
and 10 MHz. 


THE “MIDPOINT” ISN'T THE MIDPOINT 


10-01-2019 01-00 


PHaRLAP simulation: Change 
in ray apogee for each FFM 
station over a 24-hour 

8 period using IRI. 


Blue is the E layer, purple F1, 
pink F2. 


Note that the midpoints move 
around more for some stations 


than others. 
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JUNE 21, 2020 ECLIPSE FESTIVAL 
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JUNE 21, 2020 ECLIPSE FESTIVAL 


Standard station: BPM, 10 MHz; otherwise, basically the 
same process as the original Festival of Frequency 
Measurement. 


Open call to amateur community — website was translated 
into Chinese, Dutch and Spanish. 


Ran a practice day and helped stations get their 
instrumentation up and working. 


Three days of data collection — should record more control 
data. Analysis is ongoing. 


June 21, 2020, at Asahikawa, Japan (QN13er) 
(C)2020 K. Inagaki 
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premilinairy result » G@RzaRaEES 


NEW FRIENDS 


Wim <pa0slt@ 
tome v 
Hi Kristina, 


We are working with 3 guys on the measurements on 10 mHz for some days now. 
Our receivers are reasonable stabil now. 


This is what we get with a running mean over 10 minutes for today 16 june 2020. 
The scale is okay but i added soms numbers to get the lines above eachother. 


Yellow is me PAOSLT 

Red is PAORWT, about 5 Km from my home 

Green is also PAORWT with a second rig. 

Blue is an other guy with a not stabil receiver. (PE1JVU) 


| do not Know what we are seeing.... the temp of our receiver or changing of ionosfere. 


| Maybe you will laugh at us.... 


<a 
5.0000 7.5000 10.000 12.500 


but we have fun! 


Xmin Xmax Ymin Ymax Filenaam 


he Yours Wim PAOSLT 


analysis_200614_Flex1500 - Robert Wagenvoort.csv 


LESSONS LEARNED, SO FAR : 


0.0 
2.5 
-5.0 
We should be recording raw audio, not a derived 15 
data product. ~10.0 


eee ° ° ° 0 10000 20000 30000 40000 50000 60000 70000 
Fldigi is not good at recording audio, which led to 


computer crashes. analysis_200614_oe3wyc - oe3wyc.csv 


3 days’ data collection (plus an optional additional 2) 
looking for a good control period. In future, let’s try 
recording a full week. 


Recording from the existing KiwiSDR network 7 
(rx.linkfanel.net) was helpful, but the scripting needs 
more work — it tended to crash during control periods. = 
-4 
4 


0 20000 40000 60000 80000 


PREPARATIONS FOR THE 2024 
SOLAR ECLIPSE 


CWRU will be in totality for this one! 


We hope to have WWV measuring 


stations running across the country by 
then. 


With any luck, this will give us the 
opportunity to make some cool maps. 


Total Solar Eclipse of 2024 Apr 08 


Geocentric Conjunction = 18:36:02.5 UT J.D. = 2460409.275029 
Greatest Eclipse = 18:17:13.1UT = J.D. = 2460409.261957 


Eclipse Magnitude = 1.0565 Gamma = 0.3432 


Saros Series = 139 Member = 30 of 71 
Sun at Greatest Eclipse 
(Geocentric Coordinates) N 


RA. = 01h11m36.9s eee 
Dec. = +07°35'29.3" : 
S.D. = 00°15'58.2" 
HLP. = 00°00'08.8" 


Moon at Greatest Eclipse 
(Geocentric Coordinates) 


R.A. = 01h10m57.4s 
Dec. = +07°53'55.5" 
8.D. = 00°16'36.3" 
HP. = 01°00'56.6" 


w- = iE 
External/ Internal External/ Internal 
Contacts of Penumbra Contacts of Umbra 


Pl = 15:42:07.0 UT 
P2 = 17:44:52.8 UT 
P3 = 18:49:07.4 UT 
P4 = 20:52:13.8 UT 


: U1 = 16:38:44.4 UT 
| U2 = 16:41:01.7 UT 
Ss U3 = 19:53:13.9 UT 


U4 = 19:55:29.1 UT 
Local Circumstances at Greatest Eclipse 


Lat. = 25°17.5'N Sun Alt. = 69.8° 
Ephemeris & Constants Long. = 104°07.2'W Sun Azm. = 149.4° Geocentric Libration 
Eph. = Newcomb/ILE Path Width = 197.5km Duration = 04m28.1s (Opcale: Pijyaical) 
AT= 812s I= 2,.00° 
k1 = 0.2724880 b= -0.46° 
k2 = 0.2722810 ¢ = -20.75° 


Ab= 0.0" Al= 0.0" 


Brown Lun. No. = 1253 


eT a PF a CV Hr 
0 1000 2000 3000 4000 5000 
Kilometers 


F. Espenak, NASA’s GSFC - Fri, Jud 2, 
sunearth.gsfc.nasa.govieclipse/ectipse html 


....BUT WHY WAIT? 


2020-2029 Featured Eclipses 


Solar Lunar 


@ Jun 21, 2020 Annular Solar Eclipse 


¢ Jun 10, 2021 Annular Solar Eclipse 


Dec 4, 2021 Total Solar Eclipse 
Apr 20, 2023 Total Solar Eclipse 
Oct 14, 2023 Annular Solar Eclipse 
Apr 8, 2024 Total Solar Eclipse 
Oct 2, 2024 Annular Solar Eclipse 
Feb 17, 2026 Annular Solar Eclipse 
Aug 12, 2026 Total Solar Eclipse 


y) Dec 14, 2020 


NEXT: DECEMBER 2020 ECLIPSE 


Most of the June Eclipse Festival 
participants also expressed 
interest in participating in the 
December eclipse. 


Will move away from fldigi ) —_ «a 
collection and not use a derived _ 

data product. 

Planning to deploy PSWS 


prototypes in tandem with other 
networks. 


Looking for a Portuguese 
translator! 


httos:/ /hamsci.org/december-2020-eclipse-festival-frequency-measurement 


FOR MORE INFORMATION... 


If you'd like to look at the data from these and future experiments, check 


out the HamSCl group on Zenodo: https: //zenodo.org/communities /hamsci 
Join our mailing list and regular telecons: https: //hamsci.org/get-involved 


Sign up for the December eclipse: https://forms.gle/zk6éItbedfSeu8RAX7 


ACKNOWLEDGEMENTS 


We gratefully acknowledge support to this project from NSF Grants AGS-2002278, AGS- 
1932997, and AGS-19329772. 


PHaRLAP, created by Dr Manuel Cervera, Defence Science and Technology Group, 
Australia (manuel.cervera@dsto.defence.gov.au). This toolbox is available by request from 


its author. 


This work made use of the High Performance Computing Resource in the Core Facility for 
Advanced Research Computing at Case Western Reserve University. 


Thanks to W8EDU, WWYV, BPM and all experiment participants! 


Contact: kd8oxt@case.edu 


